Introduction
Design operating temperatures lor proposed solar thermal power and propulsion systems are at levels in excess of 2000K. These high temperature systems have driven the requirement for the sun collection system to achieve geometric solar concentration ratios (CR) to levels that cannot be achieved by a primary concentrator alone. The CR is the ratio of the primary concentrator sun collection area to the entrance aperture area of the heat receiver. The receiver aperture area significantly affects the amount of infrared radiation that escapes from the receiver cavity at these high temperatures, thus for efficient high temperature applications, an optical system with a high concentration ratio is a necessity. Large primary concentrators (rigid or inflatable) cannot focus to the accuracy required and therelore secondary nonimaging concentrators must be included in the system design. they have the potential to be the most efficient since they take advantage of essentially loss-free total internal reflection (TIR) to concentrate the solar energy. It has also been reported that in order to achieve a high solar energy throughput efficiency (>90 percent) a flux extractor must be incorporated and made integral to the refractive secondary. The flux extractor reduces the amount of back reflection and allows for flux tailoring via the adjustment of the facet geometry. Unlike the reflective secondary, which discharges most of the energy at the front of the engine cavity, the refractive secondary with flux extractor allows for uniform solar flux distribution further into the cavity, avoiding hot spots.
Reference 3 presents the results of a feasibility study funded by NASA Glenn that describes the concentrator and flux extractor design that is required to support a typical solar thermal propulsion application. This concept (shown in fig. I ) was used as the basis to develop the thermal model described herein. 
Description of RSC Thermal Model
A three-dimensional thermal model of the RSC and flux extractor was developed using the ANSYS TM finite element analysis software, version 5.5.1SP. The thermal model also includes the engine receiver cavity, rhenium tbam heat exchanger, enginc shell, and multilayer insulation (MLI). To simplify the model, the rhenium loam heat exchanger and engine shell were lumped together into an equivalent thermal mass, as shown in figure 2 . There is no direct thermal link betwccn the beat exchanger and engine shell with the concentrator/extractor due to the presence of the engine receiver cavity. The equivalent thermal mass and the engine receiver cavity communicate thermally via conduction.
Basically, solar energy from a primary concentrator (not shown) enters the RSC at a 22 degree entrance half angle. The RSC is shaped such that the entering rays are limited to angles that maintain TIR in the concentrator and the cylindrical end of the flux extractor. The solar energy exits the extractor at three faceted surlhces where it then impinges upon the insidc surface of the engine receiver cavity. As the receiver cavity gets hot, the IR radiation from the cavity surface increases. This energy finds its way out of the cavity via transmission through the flux extractor and RSC. At temperatures required lor propulsion, the IR radiation becomes the dominant energy loss from the receiver. A small amount of flux radiates back to the surface of the flux extractor where it is conducted through to the RSC and radiates from the inlet surface.
ANSYS TM models black body and gray body radiation heat transfer; however, ANSYS TM currently does not model radiation transmission through solids. Boundary conditions and an IR loss submodel were used to compensate tbr this limitation. In general, the boundary conditions assumed by the model were selected to provide the worst case 
Material

Thermal Analysis
The ohiective of the thermal analysis was to determine the maximum temperatures, temperature gradients, and heat flows for the RSC and flux extractor in a typical solar thermal propulsion application. Figure 4 shows the temperature profile along the centerline of the flux extractor and RSC for sapphire and As shown in figure ! 1, the thermal model predicts that it will take -3 orbits to achieve steady-state (within a repeatable band of) temperatures. 
Conclusion
The 
